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Materials and Methods
Silica wedge disk resonator
The fabrication of the resonators is detailed elsewhere (29). Briefly, it proceeds as follows.
An 8-micron-thick silica layer is thermally grown on a 4-inch silicon wafer and 3 mm disk
patterns are defined through standard photolithographic methods. The disk patterns are trans-
fered to a silica layer by Buffered Hydrofluoric (HF) acid etching. The diameter of the disk is
controlled by the HF etching time. In cross section, the silica disks have a wedge-shaped fea-
ture at their exterior. The wedge angle is around 30 degrees. Precision control of the diameter
and wedge angle enables control of modal spectra and avoided mode crossings so as to enable
soliton generation (24). Finally, the silicon substrate is dry-etched using XeF2 to create an air
cladding around the wedge boundary of the disk resonator. Optical Whispering-Gallery-Modes
are guided along the wedge boundary. The intrinsic quality factor is approaximately 300 mil-
lion. During the measurement, the resonators are overcoupled (loaded quality factor is <150
million). While these devices use a fiber taper (31,32) for optical coupling to the resonator,
recently, the above silica disk fabrication process has been adapted to create a fully-integrated
waveguide (33). This waveguide, based on silicon nitride, enables integration of the high-Q
silica resonator with other optical components. Moreover, the structure can be integrated with
microheaters to enable electrical control of spectra as has been demonstrated elsewhere (27).
Soliton generation
The solitons are generated using the active capture and locking technique (34). Here, the
frequency of the pump laser is tuned towards the resonance from the lower frequencies at a
speed of approximately ∼ 1 GHz/ms. The pump frequency tuning is stopped before reaching
the resonance and the pump power is modulated using an AOM to induce a power kick, which
deterministically generates soliton steps as described elsewhere (24). A feedback loop is then
turned on to selectively lock to specific soliton numbers according to their comb power levels.
The linewidth of the pump lasers is ∼2 kHz and the pump power used for a soliton generation
is in the range between 200 ∼ 400 mW. The generated solitons are stable indefinitely. By using
the locking method described here, recordings of their properties such as average power and
pulse width have been measured for over 20 hours (24). In this experiment, the two soliton
combs operated stably until the system was turned off by the operators.
H13CN gas cell
The H13CN gas cell, which is manufactured by Wavelength References, Inc., is 16.5 cm
long and pressurized to 300 Torr. The estimated linewidth of the H13CN spectral features is 200
pm or approximately 25 GHz at 1550 nm.
Synthetic absorption spectra of Waveshaper
The synthetic absorption spectra were programmed into a Finisar WaveShaper 1000S. The
WaveShaper required an erbium fiber amplifier to compensate its insertion loss. The Wave-
Shaper allowed synthesis of arbitray spectral transmission profiles to further verify the dual
comb operation.
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Directly measured H13CN spectrum by using wavelength-calibrated scanning laser
The directly measured H13CN absorption spectrum (upper panel in Fig. 4A) is obtained by
coupling an external cavity diode laser (ECDL) into the H13CN gas cell and scanning the laser
while monitoring the transmitted optical power. A separate signal is also tapped from the ECDL
to function as a reference. The relative wavelength change of the ECDL during the scan is
calibrated using a fiber Mach-Zehnder interferometer and absolute calibration is obtained using
a reference laser which is locked to a molecular absorption line (Wavelength References Clarity
laser). The signal passing through the gas cell and the reference transmissions are recorded
simultaneously, and the absorption spectrum in Fig. 4A is extracted by dividing the signal
transmission by the reference transmission.
Supplementary Text
Details on the experimental setup
A detailed diagram of the experimental setup is provided in Fig. S1. The microresonators
are pumped at 1549.736 nm and 1549.916 nm using two amplified fiber lasers (Orbits Light-
wave), but in principle, pumping from a single laser is possible. The difference frequency of the
pumps was determined to be 22.5 GHz by detecting their electrical beat note and measurement
on a spectrum analyzer. After amplification, each pump laser is coupled to an acousto-optic
frequency modulator (AOM). The frequency-shifted output of the AOM is used to provide a
controllable optical pumping power that is required for soliton triggering (34) as described
above. The pump light is evanescently coupled into the silica microresonator via a fiber taper
(31, 32). Residual pumping light that is transmitted past each resonator is filtered using a fiber
Bragg grating (FBG). After the FBG, a 90/10 tap is used to monitor the soliton power for feed-
back control of the pump laser frequency so as to implement soliton locking (34). The optical
spectra of the individual soliton streams were monitored using a Yokogawa optical spectrum
analyzer. Additional precision calibration of the spectra was possible using a Wavelength Ref-
erences Clarity laser locked to a molecular absorption line. The two soliton pulse streams are
combined in a bidirectional coupler and sent to a H13CN gas cell (or a WaveShaper) and a ref-
erence path. The soliton pulse streams are detected by u2t photodetectors with bandwidths of
50 GHz. The interferograms are recorded on an oscilloscope. The repetition rates of the soliton
pulse streams are also monitored by an electrical spectrum analyzer (ESA).
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Fig. S1: Detailed experimental setup. Continuous-wave (CW) fiber lasers are amplified by
erbium-doped fiber amplifiers (EDFA) and coupled into high-Q silica wedge microresonators
via tapered fiber couplers. An acousto-optic modulator (AOM) is used to control pump power
to trigger soliton generation in the microresonators. Polarization controllers (PC) are used to
optimize resonator coupling. A fiber Bragg grating (FBG) removes the transmitted pump power
in the soliton microcomb. The pump laser frequency is servo controlled to maintain a fixed de-
tuning from the microcavity resonance by holding the soliton average power to a fixed setpoint.
An optical spectrum analyzer (OSA) monitors the spectral output from the microresonators.
The two soliton pulse streams are combined in a bidirectional coupler and sent to a gas cell (or
a WaveShaper) and a reference path. The interferograms of the combined soliton pulse streams
are generated by photodetection (PD) and recorded on an oscilloscope. The repetition rates
of the soliton pulse streams are also monitored by an electrical spectrum analyzer (ESA). The
temperature of one resonator is controlled by a thermoelectric cooler (TEC) to tune the optical
frequency difference of the two solitons.
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